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Measuring the proper motion and geometric distances of nearby galaxies has been a longstanding problem. As part of a famous debate about the nature of galaxies, van Maanen -an experienced observer -claimed in 1923 to have measured a large proper motion and angular 1 rotation rate for the Triangulum Galaxy (M33) on photographic plates separated by 12 years (1). This was proven wrong by Hubble through the discovery of Cepheids in M33 that showed a large distance (2) . This pushed the detection of galaxy proper motions beyond the capabilities of past experiments. Yet, galaxy proper motions are important for many astrophysical issues, of which two are addressed in this report.
First, measuring accurate distances is of great importance to all fields of astrophysics, from stellar astronomy to cosmology. The calibration of most standard candles used for measuring extragalactic distances is tied directly or indirectly to the distance to one galaxy, the Large Magellanic Cloud (LMC), which remains controversial (3, 4) . Hence, it is important to obtain geometric distances to nearby galaxies in which well understood standard candles can be studied. This allows independent calibration and verification of the extragalactic distance scale.
Another important issue is the distribution of luminous and dark matter in the local universe.
The problem when trying to derive the gravitational potential of the Local Group of galaxies (5) is that usually only radial velocities are known from the Doppler effect and statistical approaches have to be used (6, 7) . The proper motions of some nearby galaxies in the Milky Way subgroup have been obtained from comparing historic photographic plates (8, 9) , but a confirmation of these measurements will require decades. With Very Long Baseline Interferometry (VLBI) and phase-referencing techniques, the proper motions for galaxies within the Local Group, on scales of tens of microarcseconds per year, can now be measured. The most suitable strong and compact radio sources in the Local Group for such a VLBI experiment are the strong H 2 O masers in M33 and in the galaxy IC 10 (10, 11).
We observed two H II regions (12) we obtained a precise angular separation measurement for all sources.
The data were edited and calibrated with standard techniques in the Astronomical Image
Processing System (AIPS) as well as zenith delay corrections (13) . The masers in IC 133 and M33/19 were imaged with standard techniques in AIPS. In IC 133, we detected 29 distinct emission features in position and the spatial distribution was very similar to earlier observations (10, 14, 15) . All components were unresolved. In M33/19, we detected eight maser features. We also calculated the average position of all maser features for each observation ( Using the rotation model of (16), the contribution from the rotation of M33 (for IC 133) iṡ α rot = −18.5 ± 6 µas year −1 in right ascension andδ rot = −21.6 ± 6 µas year −1 in declination.
Here, we assumed again an uncertainty of 20 km s −1 for the rotation velocity and a distance of 730 kpc. Combining these velocity vectors, we get the proper motion of M33: Hence, M33 is moving with −39 ± 9 km s −1 towards the Milky Way. This gives now the three dimensional velocity vector of M33 (Fig.4) contribution from solar motion) towards the Milky Way. However, the Milky Way is possibly falling towards M31, because there are no other large galaxies in the Local Group to generate angular momentum through tidal torques (21) . Following this argument, we assume a proper motion of 0 for M31. The geometry of the Andromeda subgroup depends on the relative distance between M31 and M33. Thus, it is crucial to use distances for the two galaxies that have similar systematic errors, and we used the TRGB distances to M33 and M31 (18, 22) . derived from the three-dimensional positions and radial velocities of its satellite galaxies (24).
More than 80 years after van Maanen's observation, we have measured the rotation and proper motion of M33. These measurements provide a method to determine dynamical models for the Local Group and the mass and dark matter halo of Andromeda and the Milky Way. 
